INTRODUCTION
The application of population genetics approaches has provided many insights into the levels and patterns of gene flow in marine organisms. Traditionally, it had been viewed that there were few barriers to population connectivity in the marine realm, particularly for organisms with planktonic or partially planktonic life cycles (Palumbi, 1994; Norris, 2000) . Subsequent molecular studies on marine populations utilising mitochondrial DNA (mtDNA), however, indicated that intraspecific genetic structuring does exist (e.g. Chow et al., 1997; Zane et al., 1998; Keeney et al., 2005; Darling, Kucera & Wade, 2007) . More recently, the development of microsatellite markers has offered further opportunities to study genetic structuring, since theoretical studies have suggested that the use of multiple, multi-allelic loci should offer greater power than mtDNA to detect population subdivision, particularly at low levels (Larsson et al., 2009) , and this has been largely borne out by empirical studies (Iacchei et al., 2014; Godhe et al., 2014; but see Provan et al., 2009) . It has also been demonstrated, however, that population demographic changes such as those associated with the climatic fluctuations of the Pleistocene (ca. 2.58 MYA -11 KYA) can give rise to apparently contradictory signals of population subdivision across different markers (Lukoschek, Waycott & Keogh, 2008; Larmuseau et al., 2010) . Thus, depending on the demographic history of the populations under study, the use of both mtDNA and microsatellites may be required to gain a complete picture of patterns of gene flow.
Within this context, there is international interest in the drivers, overall abundance and connectivity of jellyfish blooms (i.e. Phylum Cnidaria, Class Scyphozoa; Hamner & Dawson 2009; Brotz et al., 2012; Condon et al., 2013) . These blooms represent the concentration of many free swimming medusae in a particular area either through rapid population growth (a true bloom) or advection from another area (an apparent bloom; Graham, Pag & Hamner, In the present study, we used a combination of recently developed microsatellite markers and COI sequences to investigate genetic structuring of Rhizostoma octopus, a scyphozoan jellyfish with a generally predictable and temporally stable geographical distribution, including regular but apparently discrete blooms of adult jellyfish in bays in the Irish Sea (Doyle et al. 2006; Houghton 2006b ). Previous genetic analyses within the genus have provided conflicting results, with Ramšak, Stopar & Malej (2012) finding little partitioning of genetic diversity between blooms of R. pulmo in the Mediterranean Sea, whilst Lee et al. (2013) found notable population structure in R. octopus in the Irish Sea and from La Rochelle, France, although levels of differentiation were far less pronounced in the nuclear gene studied (calmodulin) compared to the mitochondrial cytochrome oxidase subunit 1 (COI) gene. The use of microsatellites, with their potentially increased resolution, should allow us to determine whether any fine-scale structure exists in R. octopus, even in cases where such levels may be extremely low (Wirth & Bernatchez, 2001 ), but also whether there are any discrepancies between mtDNA and microsatellites, possibly resulting from demographic changes during the Pleistocene.
MATERIALS AND METHODS

SAMPLING AND DNA EXTRACTION
Samples were collected from four locations throughout the Irish and Celtic Seas (Table 1 and Figure 1 ) in August / September 2011. Genomic DNA was extracted using a modified version of the Porebski, Bailey & Baum (1997) CTAB phenol/chloroform protocol whereby extracted DNA which had been subjected to phenol and chloroform wash was stored in a 1:1 supernatant:isopropanol state at -20°C until needed for PCR, then pelleting and the alcohol wash were carried out before elution. Long term storage of eluted DNA resulted in loss of high molecular weight (genomic) DNA and reduced amplification success.
MICROSATELLITE GENOTYPING
Microsatellites were developed from R. pulmo sequences deposited in GenBank (for accession numbers see Table 2 ). Forward primers included a 19 bp M13 tail (CACGACGTTGTAAAACGAC) and reverse primers included a 7 bp tail (GTGTCTT).
PCR was carried out in a total volume of 10 μl containing 100 ng genomic DNA, 10 pmol of 6-FAM-or HEX-labelled M13 primer, 1 pmol of tailed forward primer, 10 pmol reverse primer, 1x PCR reaction buffer, 200 μM each dNTP, 2.5 mM MgCl 2 and 0.25 U GoTaq Flexi DNA polymerase (Promega). PCR was carried out on a MWG Primus thermal cycler using the following parameters: initial denaturation at 94 °C for 5 min followed by 45 cycles of denaturation at 94 °C for 30 s, annealing at 58 °C for 30 s (55 °C for RpMS-4), extension at 72 °C for 30 s and a final extension at 72 °C for 5 min. Genotyping was carried out on an AB3730xl capillary genotyping system (Life Technologies; Carlsbad, California, USA).
Allele sizes were scored using LIZ size standards and were checked by comparison with previously sized control samples.
A 639 bp region of the R. octopus mtDNA COI gene was amplified using the primers Ro-COI-F 5'-CAACAAATTCTAAGATATTGGAAC-3' and Ro-COI-R 5'-GGGTCGAAGGAAGATGTATTA-3'. PCR was carried out on a MWG Primus thermal cycler using the following parameters: initial denaturation at 94 °C for 3 min followed by 40 cycles of denaturation at 94 °C for 30 s, annealing at 58 °C for 30 s, extension at 72 °C for 1 min and a final extension at 72 °C for 5 min. PCR was carried out in a total volume of 20 μl containing 200 ng genomic DNA, 10 pmol of each primer, 1x PCR reaction buffer, 200 μM each dNTP, 2.5 mM MgCl 2 and 0.5 U GoTaq Flexi DNA polymerase (Promega). 5 μl PCR product were resolved on 1.5% agarose gels and visualised by ethidium bromide staining, and the remaining 15 μl were EXO-SAP purified and sequenced in both directions using the BigDye sequencing kit (V3.1; Applied Biosystems) and run on an AB 3730XL DNA analyser (Life Technologies; Carlsbad, California, USA).
DATA ANALYSIS
Tests for linkage disequilibrium between pairs of microsatellite loci in each population were carried out in the program FSTAT (V2.9.3.2; Goudet, [2002] ). Levels of polymorphism measured as observed (H O ) and expected (H E ) heterozygosity averaged over loci for nuclear microsatellites, and as haplotype (H) and nucleotide (π) diversity for mtDNA, were calculated using the ARLEQUIN software package (V3.5.1.2; Excoffier & Lischer, [2010] ). Inbreeding coefficients (F IS ) were estimated using FSTAT. Levels of interpopulation differentiation were estimated from allele (microsatellite) and haplotype (mtDNA) frequencies using Φ-statistics, which give an analogue of F-statistics (Weir & Cockerham, 1985) calculated within the analysis of molecular variance (AMOVA) framework (Excoffier, Smouse & Quattro 1992) , also using the ARLEQUIN software package. Population-pairwise Φ ST values were also calculated using ARLEQUIN. Significance of values was tested using 1,000 permutations. A median-joining network showing the relationships between the mtDNA haplotypes was constructed using the NETWORK software package (V4.5.1.6; www.fluxus-engineering.com).
In addition, tests for population expansion based on Tajima's D and Fu's F S and a mismatch distribution analysis, which identifies characteristic "waves" in the shape of the distribution resulting from expansion (Rogers and Harpending, 1992) , were carried out in ARLEQUIN.
To identify possible spatial patterns of gene flow, the software package BAPS (V5;
Corander, Waldmann & Sillanpää, [2003] ) was used to identify clusters of genetically similar populations using a Bayesian approach. Ten replicates were run for all possible values of the maximum number of clusters (K) up to K = 4, the number of populations sampled in the study, with a burn-in period of 10 000 iterations followed by 50 000 iterations. Multiple independent runs always gave the same outcome. To further identify possible spatial patterns of gene flow, a principal coordinate analysis (PCoA) was carried out in GENALEX (V6.1; Peakall & Smouse, 2006) . Inter-individual genetic distances were calculated as described in Smouse & Peakall, 1999 , and the PCoA was carried out using the standard covariance approach.
Because of the genetic homogeneity revealed by the microsatellite loci studied, and to compare the relative power of microsatellites and the mtDNA to detect low levels of population differentiation, simulations were carried out using the POWSIM software package Ryman, personal communication). In all cases, 1 000 replicates were run and the power of the analysis was indicated by the proportion of tests that were significant at P < 0.05 using the observed allele frequencies for both the four microsatellite loci and the single mtDNA (Table 4 ). The BAPS analysis indicated that all the individuals analysed were grouped into a single genetic cluster (100% probability). This was 
DISCUSSION
Although the results from the two sets of markers in the present study revealed differing levels of population structuring, they can be interpreted as being generally consistent with population expansion following the LGM and subsequent divergence, with limited gene flow between the regions studied. Our findings are broadly comparable with those from a previous study on R. octopus (Lee et al. 2013) , and highlight an emerging trend from the currently limited number of microsatellite-based population genetic analyses in gelatinous zooplankton (Bolte et al., 2013; Aglieri et al., 2014) , namely that blooms can readily be traced to relatively isolated, self-sustaining populations. From an ecological perspective such information is insightful given that scyphozoa have often been viewed as transient components of marine food webs, with very little spatial integrity or trophic relevance (Doyle et al., 2006; Houghton et al., 2007) . The growing body of evidence to show that jellyfish blooms can persist in large numbers in particular locations over time (through processes in addition to advection) promotes the much needed inclusion of such species in ecosystem models (Pauly et al., 2008; Doyle et al., 2014) .
Discrepancies between the levels of genetic structuring revealed by nuclear and organellar markers have been reported in a wide range of species (reviewed in Karl et al. 2012) . These can be the result of a variety of processes, including sex-biased dispersal (Cano, Mäkinen & Merilä, 2008) Population isolation following the expansion would give rise to the observed discordance between mtDNA and microsatellites.
Despite the discrepancies observed between mtDNA and microsatellites, the case for using multiple, unlinked nuclear loci for genetic studies on scyphozoa is strong. As a basic tool, the mitochondrial COI marker allows a great deal of information to be gathered and comparisons to be made with many other scyphozoan species for which population data sets exist (e.g. Dawson, 2005; Holland et al., 2004; Prieto, Armani & Marcias, 2013) . The additional potential power of microsatellites, as indicated by the simulation studies, could be useful in fine-scale analyses of population structure in other species which appear to have little geographically-based population structuring such as the congener, R. pulmo (Ramšak et al., 2012) . With the recent publication of a study of Pelagia noctiluca genetics employing microsatellite markers (Aglieri et al., 2014) and the present study, we foresee a shift in scyophozoan studies toward including panels of unlinked, high-resolution nuclear markers.
As in the present study, a combination of organellar and nuclear markers may be necessary to give a more complete picture of population demography and structure, particularly for species with large effective population sizes. 
